In this paper, we propose a new numerical method for obtaining the ground state solution of the stationary Schrödinger equation by using the Monte Carlo integration.
Introduction
Let H be the Hamiltonian for N electrons with position vectors {r i } and M nuclei with position vectors {R A } and atomic numbers {Z A }:
For simplicity, we deal with the closed-shell Slater determinant
where α, β are spin functions. The electronic energy of this system is
(e.g., [3] ). We further put
where r = (x, y, z) and
Then it follows that Ψ|H|Ψ / Ψ|Ψ is the rational function of
and the functions of the forms
(e.g., [1] ). The aim of this paper is to propose a new method for evaluating {c ik , α ik } that minimize Ψ|H|Ψ / Ψ|Ψ .
Preliminaries
We write 
Our basic tool is the following theorem.
Theorem 2.2 Let r be an even number greater than
Proof. Suppose that ω(s) − E = 0 for s ∈ P \(S 1 ∪ S 2 ). Then we have G dp 1 
where G is a rectangle satisfying s ∈ G ⊂ P \(S 1 ∪ S 2 ) [2] . Next, suppose that ω(s) − E = 0 for s ∈ S 1 . Take and t = (q 1 , . . . , q m ) ∈ P \(S 1 ∪ S 2 ) satisfying (1) and (2) . By the Taylor expansion of ω(p 1 , . . . , p m ) − E, we have where f 1 , . . . , f m are analytic functions. Hence Conversely, if ω(p 1 , . . . , p m ) − E = 0 has no solution in P , then we have P dp 1 
By the Monte Carlo method, we can estimate
where s 1 , . . . , s L are points selected at random in P . If F (P, E) is extremely large, then we conclude that ω(p 1 , . . . , p m ) − E = 0 has solutions in P .
Step 1: Divide the interval [E , E ] expected to contain the minimum of
Step 2: Select the minimum of {E i : F (P, E i ) > D}. We denote by E k the minimum. Here D is a large number, which is empirically given.
Step 3: Repeat Steps 1-2 for
Step 4: Repeat Steps 1-3 until the subintervals arrive at the prescribed precision. We denote by E the final value.
Step 5:
Step 6: Estimate
] that gives the maximum of {F (P i , E)}.
Step 7: Repeat Steps 5-6 for [a 1i−1 , a 1i ].
Step 8: Repeat Steps 5-7 until the subintervals arrive at the prescribed precision.
We denote by [a 1t−1 , a 1t ] the final subinterval.
Step 9: Substitute q 1 = (a 1t−1 + a 1t )/2 for p 1 in ω(p 1 , . . . , p m ).
Step 10:
F (P, E) = P dp 2 · · · dp m |ω(q 1 , p 2 , . . . p m ) − E| r , where r is an even number greater than m − 1.
Step 11: Repeat Steps 5-10 for p 2 , . . . , p m−1 and Steps 5-9 for p m .
